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STUDIES ON THE HOOT NODULE OUOANISM OK 
THE LEGUMINOUS PLANTS. 


I!Y 

x v josm i?..\ M" .(•„ i, An., 

First Axsi*t'U((. to the httjH'i'Htl Atjt icn'toroi Hmlumtutjtsi . 

[Received for publication on Kit h September, lull).] 

It haft Ion" been known that leguminous crops somehow enrich the 
land, and agriculturists have math? use of this knowledge in practice by growing 
leguminous crops lor restoring the exhausted soils to their normal condition 
or reclaiming barren lands. It is also a familiar fact that the roots of 
leguminous plants contain nodular swellings or excrescences known as root 
nodules or tubercles. According to the earliest recorded observations, t liese root, 
nodules were looked upon as mere modilicationsol the normal roots or patho- 
logical outgrowths due to some disease. Although careful microscopic examin* 
ation by later investigators revealed the presence of micro organisms in the 
cells of the nodules, and although these micro-organisms were assumed to he 
causative agents of nodule formation, the nodules were still regarded as malfor- 
mations caused by a parasitic organism. There was no suggestion of a connec- 
tion between the micro-organisms contained in the root nodules of legumes 
and the reputed soil-enriching qualities of the legumes The lad that such 
connection does exist was not known until comparatively recently, the Inst 
demonstrable proof of the existing relation having been given by llell.mgel 
and Willarth* between 1880-1888. These authors showed that tie- legume 
tubercles were caused by bacterial infection, that this infect, on is hem end 
rather than harmful to the host plant, since ,t is the means of provnlm the 
latter with combined nitrogen, which is obtained through bacterial activity 
from the free nitrogen of the atmosphere. This discovery h-d several investi- 
gators in various parts of the world to study the bacteria m the nodules ol 
leguminous plants. The results of their work have continued the above 

» H«Uri*d * Wittwth. ".ZriU** Vercins Id. nuhcn/wkir-lidustrics, less. 
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statements of Hellriegel and Wilfarth, establishing the symbiotic relationship 
between bacteria and legumes in the fixation of atmospheric nitrogen. In 
spite of numerous investigations on the organism, however, the literature 
on the subject is full of contradictory statements, no general agreement having 
been reached on many important points which are under dispute and therefore 
undecided as yet. Thus opinion is still divided on the question of nitrogen 
fixation by the nodule organism, independent of the plant. Some authors 
claim to have demonstrated large gains of nitrogen in laboratory cultures, 
while others obtained no gain or so slight a gain of nitrogen as to be within the 
limits of experimental error. Erwin Smith,* on reviewing the subject of nitrogen 
fixation by the root nodule organisms, makes the following observations : — 
“ The whole subject of the storage of free nit rogen by this organism in flask 
cultures and in the plant itself ought to be worked over again carefully by the 
bacteriologist and the chemist. Possibly root nodules are only indicators 
of a fixation of nitrogen which actually takes place in the soil. Certainly it 
should be determined whether Bad. leguminosarum (Frank) is able to fix 
nitrogen outside of the plant in agricultural soil, both sterilized and unsteril- 
ized. ,, It may be mentioned here in passing that the questions whether or to 
what extent nitrogen fixation by the organism independent of the plant can 
take place in soil and if so what are the requisite conditions suitable for the 
purpose, are of great practical importance because on their solution depends 
the simplification of the problem of nitrogenous manuring which, as recently 
pointed out by Hutchinson , 2 is of great interest especially in a country like 
India which does not import nitrogenous fertilizers. 

Then again the question whether there is a single species of legume nodule 
organism or a separate race of bacteria for each kind of plant is still not defin- 
itely settled. Some hold that there are as many different kinds of organisms 
as the leguminous plants, w T hile others maintain that there is only a single 
species. Between these two opposite extremes are some who favour the idea 
of a limited number of species although not agreeing as to the exact number. 

The isolation of the organism from the soil is also a debatable point. 
Some have claimed the isolation of the organisms directly from the soil but 
these claims are not supported by others and are therefore not generally accept- 
ed. Thus Russell 3 writing on the subject gives it as his opinion that “ none 
of these organisms, however, could be found in the soil, nor indeed has any one 
yet succeeded in finding them there although their existence cannot be 
doubted.” 

1 Smith, E. F. 41 Bacteria in relation to plant diseases,” Vol. II, p. 99. 

4 Hutchinson, C. M. Journ, of Agr. India , Vol. XIV, pp. 203-214. 

3 Bussell, E. J. 1 jSoil conditions and plant growth,” 3rd ed., p. 128, 1917- 
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Different views are again expressed on the mechanism of nitrogen fixation 
or as to how the organism is enabled to fix atmospheric nitrogen and what is 
the first product of synthesis. 

Besides those fundamental (piestions of practical importance,’ tlioro arc a 
number of other minor issues on which opinion is not unanimous. This state 
of affairs is partly due to contradictory results obtained by different investi- 
gators working under diverse conditions and each one of them making general 
deductions based on work which was carried out under a particular set of 
conditions. Although in a complicated problem involving several factors 
this result is not unexpected* it, shows the necessity of a still greater amount 
of work under conditions which can be controlled at will, without which it 
would not be possible to explain or reconcile the extreme views held by different 
workers. 

The present writer had to demonstrate some work in connection with this 
subject to the students in this laboratory, and tile-opportunity was taken to 
investigate the question of species by cross-inoculation of the organism from 
root nodules of one plant on another, and the nitrogen fixing power of the 
organism independent of the plant under laboratory conditions. In the course 
of this work some interesting results were obtained and so further work on the 
subject was done during the last few years. It is not claimed that the work 
is in any way complete. The chief object in putting together the results 
obtained so far is, however, to elicit criticism of methods employed, and in 
the light of that criticism to know the exact position reached with regard to the 
subject. 

Medium. The first necessity in respect of work with this root nodule 
organism is the choice of some suitable medium. The culture medium upon 
which various strains of the root nodule organism were isolated and grown 
in this laboratory had the following composition : — 

Soil extract .. •« •• lOOU'O c.c. 

Mannite . . . . • ♦ ■ -b O gm. 

K 2 HP0 4 . . • • • • 05 8 ,n - 

Agar . . ♦ • ■ • • • ^ ^ & m * 

The soil extract was prepared by heating 1 kilo of Pusa soil with 1500 c.c. 
water in the autoclave at 120°C. for 20 minutes, allowing it to settle and filtering 
off the supernatant liquid. 

A comparison of this medium with media used by others will be 
found later on ; but it may be remarked here that this medium 

proved very satisfactory for the purpose and gave a luxuriant growth of the 
nodule organisms isolated from various species of the leguminous plants. 
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solaiion. The next consideration is the method, of isolation. In isolat- 
ing the organism the following method was used. The roots of the plant 
from which organisms were to be isolated, were washed free from soil ; sound 
nodules were selected and cut of! from the roots, leaving a few millimetres 
of the root on both sides so as to render it easier to handle the nodule with 
forceps. It was also considered necessary to leave portions of root attached 
to the nodule, as otherwise it was feared that the contents of the nodule would 
be injured if the sterilizing fluid, to be used subsequently, were to penetrate 
into the interior through the slight wound caused by breaking off the nodule 
altogether. 

The sterilization of the nodules was done according to the method recom- 
mended by Hutchinson and Miller 1 for seeds, but instead of their elaborate and 
cumbrous apparatus a simple but equally efficient one, as shown in figure below 


To water pwmp 



was used. The nodules were carefully washed in distilled water and 
dropped in a sterilized test tube, containing a few c.c. of warm mercuric 


1 Hutchinson & Miller. Cmtralblatt. f, JBakt II, Abt. 30, p. 520. 
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C llonde (temperature 10 (_'.)• The test-tube was then replugged with cotton 
wool and placed in a tillering flask fitted with a rubbt r cork. It mav be 
mentioned that three or lour test tubes ran be put in the flask in ease one 
has to isolate nodule organisms from more than one kind of plant*. The flask 
was afterwards connected to the filter pump and tin 4 air exhausted till the 
solution began to boil. In this way all air bubbles present on the surface 
of the nodule are withdrawn, and on admission of air bv disconnecting the 
pump the nodules sink to the bottom of the test-tube and the disinfectant 
solution is able to act on all portions of the nodule. 

Sterilization was allowed to proceed for two minutes after which (he tube 
containing the nodules was taken out. The mercuric chloride was poured 
out and the nodules were washed three to six tunes with sterile distilled water. 
The nodules were then crushed inside 1 the tube by a sterile glass rod. Two 
platinum loopfuls of the cloudy suspension wen* transferred into a soil extract 
ma unit e-agar tube, and two loopfuls from the lir*t inoculated tube of agar 
into a second tube, and two loopfuls again from the second to flu* third. The 
ontents of the tubes were separately poured into three Petri dishes and the 
plates incubated at 30 C. The colonies usually began to appear after three or 
four days — in some cases after five or six days and were ready tor inoculation 
in about a week. Transfers were made from individual colonic* on slants of t lie 
same agar and stock cultures preserved by repeated transfer.-. All tin* oiga- 
nisms were isolated from the roots of the plants by the above method. No 
foreign organisms were noticed on plate*, the method lor sterilizing the outside 
surface bein£ strictly adhered to. 

At first several strains of the nodule organism from cow- pea (I ujwt 
caljang) were isolated in order to be familiar with the cultural chatacieiisi it s 
of the organism and to find out whether there was any difference noticeable. 
As the cultural characteristics of the different strains agreed very well among 
themselves as well as with the published descriptions, it was piopoM-d to iim. 
two of them for cross-inoculation and to test their nitrogen-fixing power. 

For cross-inoculation the plants which a re to be inoculated m«u be giown 
in (1) nutrient solution contained in flasks or test-tubes, (-) in agai tout. him d 
in flasks or in test tubes, which is advocated by Harman. 1 or HU in -"d m 
pots. 

The lirst two methods though convenient were not l»und 'civ succc.-,>,lui 
in this laboratory on previous occasions, and were therelore thought misumibh; 
for cross-inoculation. The third method is rather difficult, as it is ncc essmy to 


uarniaa it Diillake. Ky. Ayr tel*. Sta. **««• 
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maintain the sterile conditions not only at the time of starting but throughout 
the growing period. However it was proposed to try the glazed earthen- 
ware pots of special design already described by Hutchinson. 1 The pots were 
filled with coarse sand which was previously ignited to deprive it of its organic 
nitrogen and the pots w’ere sterilized in the autoclave at 130°C. for half an 
hour on two days. Seeds of math or matki ( Phaseolus aconitifolius) were 
sterilized by the same method as was used in the case of nodules, sown by 
means of sterile forceps and watered with sterile water through the porous 
candle. After they had germinated it was proposed to supply all the ingre- 
dients except nitrogen to all the pots and to leave one pot uninoculated as con- 
trol and to inoculate separately the others with an emulsion of the strains of 
nodule organisms from cow-pea. The emulsion was made in a solution contain- 
ing glucose and Pot. phosphate to which some lime was added. The emulsion 
was added to the pots by means of a tube one inch below the surface, so as not 
to contaminate the surface which was kept dry. The cover was removed 
after the plants had made some growth. It is expected that under sterile 
conditions the control plants receiving all the other plant foods except nitrogen 
but no inoculum ought to die after some time being starved of nitrogen, while 
those inoculated should survive getting their supply of nitrogen through 
the organism if the inoculation should prove successful as evidenced by nodule 
formation. 

The experiment lasted for six weeks from 5th September, 1915, to 20th 
October, 1915, at which time the plants in the control pot began to wilt one after 
another. The plants from both pots were therefore uprooted and photographed. 
The accompanying photograph (Plate I) shows the result. The effect of 
inoculation is obvious ; the roots of the uninoculated plants have not grown in 
length, while those of the inoculated show nodules and have developed to a 
greater length showing that they received a stimulus by the inoculation. 
The fact that plants in the control pot w ere starved shows that the specially 
designed pots used in this experiment were suitable for the work and that it 
was possible to maintain sterile conditions throughout the growth of the 
plant, at least sufficiently sterile to exclude the nodule organism. 

Nitrogen fixation. It was now proposed to re-isolate the organism from 
the nodules of plants in one pot and compare its nitrogen fixing in flask cultures 
with that of the cultures of original organisms used for inoculation. 

Two strains from cow pea and one isolated from the inoculated Phaseolus 
w T ere separately inoculated in duplicate flasks each containing 100 c.c. soil 
extract to which was added 1 per cent, mannite and 0*05 per cent K2HP0 4 . 


1 Hutchinson. Memoirs, DtpL Agr. India, Bad. Series, I, p. 18 (1910*11). 
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Nitrogen was estimated from these after 10 days. The results are given 
in the following table. 

It is evident from the results set down that these strains of the organisms 
two of whicli were found to have the nodule-forming power, the I lord one being 
re-isolated from the nodules so formed, do not show any considerable nitrogen 
fixation in flask cultures. 

Table 1. 


Cmv jK'a 1 Cow -pea 2 l 'ha m oltm. 


Mgm. nitrogen found in duplicate culture llasks . . 

Average nitrogen fixed in mgm. 

.Mgm. nitrogen found in control . ♦ 

Total gain, in nitrogen mgm. 

A second experiment- was arranged for a greater number of organisms 
to be cross-inoculated on pea {Pisitm safintm), math (Phtwvhvt tuvniujoliuti), 
and gram (Cicer arietinum). The method of filling of the pots mid isolation of 
nodules and inoculation was the same as in the first experiment. After four 
weeks the control plants began to show signs of dwindling when ail the plants 
were uprooted and examined for nodule formation. 

The results are given in the following table wherein 
— presence of nodule. 

— = absence of nodule. 

Table II. 


0*2 

5\S 

5 0 

5*S 

51 

o’ 7 

«*U 

5’ti 

;VS 

l\S 

4-S 

IS 

*1-2 

. OS 

l •(! 


Control 

Nodule organism from Cow-pea ( V'ujnti cafjnntj) No. I . . 
„ „ from Cow-pea ( Vignn cat Jang) No. 2 - . 

„ „ from Arliar (Citjunu* indicia) 

„ „ from Dhaincha {Scshunia aculeuta) 

„ „ from Gokarn ( Clitoria temaleu) 


IVa 


.Math 



When the roots were being examined it was at once noticeable that although 
some of the inoculated plants had no nodules on them, still their roots appeared 
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much more vigorous than those of the uninoculated control, the inoculation 
of the organism appearing to exercise a stimulating effect. This is well illus- 
trated in photographs some of which are reproduced (Plates II and III). 
All the strains were tested for their nitrogen -fixing power in culture flasks. 
The highest amount of nitrogen fixed by any one of these strains was 2'0 mgm. 
in 1(H) e.c. of culture solution. On an average it amounted to 1'4 mgm. 
nitrogen only per 1 00 e.c. culture solution. 

A third experiment was arranged to see whether the results could be 
confirmed by reinoculation of some of the organisms on pea. The accom- 
panying photograph (Plat 1 IV) .shows the effect on growth of the plant ; and 
Table III gives the results wherein again 
- presence of nodules. 

— absence of nodules. 

Table III. 


Control 

Root nodule organisms from Sann-hemp (Crotuluriu juncnt) 

,, ,, from Cow -pea (Vi<j)to cutjuvy) 

„ ,, from Ookam ((V tori a Urnuten) 

It is evident that Viyna x pea and Cliloria x pea give the same results 
as in the former case. C Midland juncea x pea gives a positive result. 

The results of the latter two experiments show that substantial increase 
in growth of roots and of the whole plant results from inoculation of root 
nodule organisms although not always accompanied by nodule formation. 
In the case of those plants which showed nodules, the increased growth may be 
accounted for by the nitrogen supplied through the activity of the organisms 
in the nodule. In those cases, however, where, there was a complete absence 
of nodules it may be suggested (1) that the nitrogen might be fixed by the 
organisms in the sand independent of the plant, or (2) that the organisms 
might be present in roots of the plants without formation of nodules due 
either to lower virulence of the organism or the slow reaction of the plant to 
the stimulus of the organisms. A search was, therefore, made by cutting 
sections of such roots after sterilizing the outside. Although many sections 
ol the roots were examined no organisms could be detected in them. It must 
be admitted that the search for the organism inside the tissues of roots without 
n -Mmles cannot be exhaustive on account of the impossibility of examining 




PLATE I 



Uuinoculated. Inoculated with Cow-pea Radicicola Uninoculated. lnoculateh with Arhar Radicicola. 





PLATE 111. 




PLATE IV. 


P eas. 



Inoculated with Control. 

Sann-hemp Gokarn Cow-pea . . 

Radicicola Radicicola Radicicola ^maculated 
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the whole root in section. Therefore, although wo have still to recognize the 
possibility of finding the nodule- forming organism inside the root tissue in 
the complete absence of nodules on the, roots, we are inclined to believe such a 
contingency to be a very remote one. 

In order to examine the feasibility ot the first suggestion, nitrogen was 
determined in sand from the nniuoculated and the inoculated pot but no 
appreciable gain could be found, but this is not a satisfactory test as the 
sand may not show any increase in nitrogen and yet the plant may have 
already assimilated a greater part of it. If was proposed, therefore, to examine 
the question by further experiments on new lines based on the hypothetical 
assumption that the nitrogen is fixed in the sand and utilized by tin* plant. 
The logical conclusions, if this assumption is taken as correct, are as follows: 
(1) The nitrogen thus fixed must be equally available to any kind of plant 
whether belonging to leguminosa? or not ; (2) also if one kind of nitrogen-fixing 
organism could bring about increased growth another organism like azotobacter 
which has a higher power of fixing nitrogen in the flask cultures as compared 
to the root nodule organism may be able to show the same effect ; (2) if a part 
of the total quantity of nitrogen fixed by the organism is assimilated by the 
plants without the intervention of the nitrifying bacteria if is very likely 
to be that part-which is soluble and as such liitrable through a poious cylinder. 
Hence if the organism be growing in a porous cylinder placed in tin* pot con- 
taining the sand, the plant may be able to get the soluble nitrogenous material 
which will pass through the porous cylinder. 

The following plan of treatment was therefore prepared with the object 
of finding out a solution of questions involved in the above arguments. Tolas- 
slum nitrate was added to pot 11 with a view to observe its effect on t in* 
growth of plants for comparison with othei treatments. 

Scheme of experiments r&ju filing inucuht ion of nodule on pirnsuts in dt/Jnent 
kinds oj leguminous and graminaceous plant*. Oct ohm' 1017 to do unary .- 1918 , 

and October 1018 to February 1019. 

A. Control (Sterilized burnt sand -f- Glucose and Pot. Phosphate in sterile 

solution). 

B. Control 4 KNO3 added as sterile solution. 

(< Control + Inoculated with azotobacter (added as suspension made m 
sterile solution). 

D Control 4 - Inoculated with pea nodule organism (added as suspension 
made in sterile solution). 

E. Control 4- Inoculated with Pkaseohis nodule organism (added as 
suspension made in sterile solution). 
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F. Control + Inoculated with gram nodule organism (added as suspension 
made in sterile solution). 

G. Control -|- Mixture of cultures of the above three nodule organisms 
in a porous pot.* 

It was proposed to grow the following six crops, three of which belong to 
the ieguminosae and three to graminacese : — 

(1) Pea (Pisum sativum). 

(2) Math {Plmeolus aconitifolius ). 

(3) Gram (Cicer arietinum). 

(4) Maize (Zea Mays). 

(5) Oats (A vena saliva). 

(6) Wheat (Triticum vulgar e). 

The same experiment was repeated in October 1918, and lasted up to 
February 1919, The results of these two experiments were similar. 

At the close of each - of these experiments examination of the roots was 
made with a view to ascertain the presence or absence of nodules on roots, 
of nodule organisms inside the roots, of nitrifying organisms in the culture 
pots. Quantitative determinations were also made of dry matter of the 
crop and its nitrogen content in each of the pots. The results of these will be 
found in the discussion that follows. 

It may be observed in general that the results of both the experiments 
were similar and fully confirmed those obtained in previous experiments. 
The observations recorded below apply therefore equally to either of these two 
experiments. The effect of various treatments on the growth of plants is very 
well shown by photographs, some of which are reproduced here being selected 
as typical (Plates V — IX). These were taken just before the time of wilting of 
control plants. 

It was at once evident that the plants which received nitrates were the 
best. The leguminous plants which were inoculated with their own organisms 
very nearly approach those receiving KNO^, suggesting the obvious inference 
that the nodule organism can supply all the nitrogen that is needed by the plant. 
Next in order come the cross-inoculated, the azotobacter-inoculated, and 
those in which the organisms were growing in the porous cylinder. It is not 
possible to distinguish accurately between these as the effects are very close 
to one another ; and some kind of treatment shows a better effect in one 
series than in another. Although no particular treatment stands out as 


* It is presumed that the plants have not come in direct contact with the organisms in Iho 


case. 
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PLATE V- 




Gram Cicer arietinum.^ 



Oats 

Letters on pots indicate treatment A, Control; 
E, ‘Phastolus radicicola; F. Gram radicicola; 


Aetna sotiva . . 

B. Potassium nitrate; C, azolobacter ; D, Pea radicicola; 
G, Pea, Phnseolurand Gram radicicola in porous pot. 










1918-19 


PLATE VII. 



Math Phaseolus aconilifolius. ^ 



Oats A vena saliva. 

Letters on pots indicate treatment :-A. Control; B, Bo, ass, urn nitrate: C arotohacter: 
D Pea radicicola; E, Phaseohm radicicola; F, Grajn radicico.d. U t ta, 
‘Phaseolus anu Gram radicicola in porous pot. 
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superior in all the series, they are all better than the controls where the plants 
show poor growth. The effect of nodule organisms on maize, oats and wheat 
is also marked showing that graminaceous plants also have l.enelited to a 
certain extent from inoculation of this organism. Of course no whiles wore 
found on the roots of any of the graminaceous plants. 

Results of subsequent examination of the root systems with regard to 
the presence or absence of nodules are set out in the following table - 


Table IV. 


A 

, Pea 

Math 

i Gram 

Maize 

Ouls 

Wheat 

13 

- 

- 

- 

- 

- 

- 

C 


- 

- 

. - 

_ 

- 

I) 

+ 

+ 

- 

- 

- 

- 

E 

+ 

+ 

- 

- 


- 

Y 

- 

- 

+ 

- 

- 

- 

G 

T* 

- 

- 

“ 

- 

- 


In the first three series. A. B, C, no nodule formation was expected and it 
is also not found showing that, infection by outside nodule organisms lias not 
taken place, Further tests for outside infect ion were carried out at the close 
of the experiment. 

Pea X Phuscolus gives positive results. The same is the case with the 
organism Phaseolus x pea. 

Pea organism X gram, and Phuscolus organism X gram give negative 
results. 

Gram organism X pea, and gram organism X Phuscolus give negative 
results. 

In the last series G with porous pots also no nodules were found except 
once. 

These results, taken with the. previous ones already noted, raise the ques- 
tion, what is the significance of the fact that inoculation of nodule organisms 
isolated from different plants leads to nodule formation in some cases and does 
not in others ? Does this mean that there are so many distinct species ? 

* In one of the experiments the result was positive, postibly due to some inoculum dropping 
outside the porous pot. 
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If the test of nodule formation is applied to divide the organism into 
species, the number of such species will depend on the experiments carried out 
and results obtained by one investigator, and may perhaps be constant so far 
as the inv»* 'ligations of one worker are concerned. When, however, we try 
to compare the results of previous investigators, we find that no common 
agreement can be reached. Thus to take only the three most recent attempts 
to divide the nodule organism into species we get the following results : — 

Garman and Didlake 1 2 divide the organism into six kinds which they call 
species, Burri! and Hansen- divide the organism into eleven kinds and 
although they call them varieties of one species, six of their varieties arc the 
same as the six species of Garman and Didlake. Burnt and Hansen disregard 
the work of previous authors who claim to have produced cross- inoculations, 
notably of Laurent, 3 Maze, 4 Moore, 5 and Kellerman, 6 assigning faulty 
technique as their reason for doing so. 

Koch and Butler 7 have investigated four of the species cited by Garman 
and Didlake anti have confirmed their results. 

If we compare the results obtained in our investigations we, however, 
find no confirmation. Thus the six species proposed by Garman and Didlake, 
naming them by the prominent plant in the group of plants, are as follows : — 

1. TrifoliuM or clover group. 

2. Alfalfa group. 

ij. Cow-pea group. 

4. Pea-vetch group. 

5. Soybean group. 

G. Phaxeohis group. 

These investigators have found that these species of nodule organism 
do not cross- inoculate i.e. % do not produce nodules when organisms from 
plants of one group are inoculated on plants of another group. They do not 
say anything as to whether the plants derived any benefit from cross-inocula- 
tion as compared with the uninoeulated control plants. In fact their experi- 
ments were not arranged for that purpose but were done with the sole object 
of determining whether nodules are formed by cross-inoculation. From our 
results it is evident that we will have to eliminate 3, 4 and 6 species and group 

1 Garman & Didlake. Ky. Ayr. Ex pi. Sin. Bull 184 (1914). 

2 liurril & Hansen. IU. Ayr. Expt. Sin. Bull. 202 (1917). 

Laurenl. Coytpf. fiend. Acad. Sci., Ill, p. 754 & BoL Centr. (1891), 

4 Maze. Jhh, Inst. Putt,, 13, p. 145 (1899), 

5 Moore. IJ. S. lkpt. Ayr. Bur. Plant Indus. />«(/.,7J^{190j). 

fi Kellerman. Ccntr. f. Bakt., II Abt., 34, 42-50 (1912). 

'* Kooh & Butler. Soil Science, VI, p. 397. 
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them together as one, since (lie results „f eioss-in.Hulation incur experimenl 


were as follows - 

Cow-pea x Pkascaltt# .. .. r sihv< 

Pea X Pha*mln* .. .. . . pns jtj Vl 

Cow-pea X pea .. .. .. positive 

Phmeohs X pen .. .. .. })os j t 


We may have to add one more species as the organism from ( Vor <tnrl<n>nu 
lias not been found to eioss-inoculate Phasmlas and pea and rim rasa. 

It will be realized, therefore, that no division of the organism is likely to lie 
permanent unless there is some agreement among different authors; and 
although one may be disposed to disregard the work of previous authors as 
faulty in technique, it is not possible to rely upon (he evidence furnished by one 
investigator alone, without confirmation hv others. If we take info considera- 
tion the combined results of all workers the species will most probably be 
limited to one. 

It may be observed in this connection that the quest ion' whether there 
are more species than one of this organism has been raised in connection with 
the unsuccessful attempts to grow alfalfa and soybean in some parts of tin* 
world and especially in places where no legumes wen* grown before, and natur- 
ally the first idea that suggested itself was that the species of the root nodule 
organism were different. It must he remembered, however, that along with 
the unsuccessful attempts there were equally successful ones. No great 
difficulty was experienced in introducing lucerne, soybean or groundnut, in 
various parts of India, wherever these (Tops wen* grown for ihe first time, 
showing that in soils when* some leguminous crops wen* previously grown the. 
organisms are well adapted to inoculate new crops. As a matter of fact 
attempts to grow better leguminous crops with commercial cultures of nitrogen- 
fixing organism like nil rag in and nitrobacterine. have not been successful in 
India, This shows that the organisms already present in Indian soils are 
efficient for the purpose and need not lx* replaced by those from outside. 
We are not justified, therefore, in dividing organisms into species, simply on 
account of failure in establishing crops like alfalfa in some cases which can be 
explained on other grounds as well. 

In considering classification of bacteria we have often to note several 
characteristics and note their constancy or otherwise. It. is impossible to 
classify them by simply relying upon any casual observation of the absence of 
one characteristic when all the other characteristics arc constant. Thus it is 
known, for instance, that many Chromngenic bacteria sometimes lose t heir- 
power of forming pigments by exposure to light. The same effect also results 
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from exposure to ultra-violet rays or sometimes even by repeated cultures on 
the same medium for a long time. Others again acquire or lose a particular 
characteristic by being grown in a medium containing certain chemical com- 
pounds. Thus it has been shown by Cecil Kevis 1 that in the presence of certain 
sugars, polvhydric alcohols, Malachite green and brilliant green, organisms of the 
typical B, coli type and B.muli lad id type can undergo a change in physiological 
activity, resulting in an entire and permanent loss of gas-producing power. 
Similar changes may, therefore, he expected in the case of other organisms 
also. The organisms in the nodules by their peculiar environment, that of 
being in close association with and getting all their nutrients from their host 
plant, are particularly subject to such influence of chemical compounds present 
in the root cell-sap of leguminous plants. Even minute quantities of these 
compounds may be sufficient to bring about profound changes in their physio- 
logical activity. Therefore, a variability of these organisms from one kind of 
plant to another may well* he expected, especially if they are recently isolated. 
The remarkable power of discrimination in entering the particular species of 
plant to which the organism is accustomed can, therefore, he explained by 
supposing that the particular strain is derived originally from the single cell 
most influenced in this way 2 . Hence, the really remarkable fact is that, 
in spite of such influences, the different strains of this organism are so much 
alike. As a matter of fact the several strains of the organism show such a 
wonderful constancy of all the characteristics, except the occasional absence 
of nodule formation noticed in cross- inoculation experiments, and so widely 
do they differ from any other species of bacteria that we are disposed to regard 
them all as belonging to one species. 

Even as regards the non-formation of nodules several investigators 3 
have shown that it is possible to induce nodule formation by cross-inoculations 
which are known not to occur naturally. This success is claimed to 
have been achieved by previously cultivating the organism on suitable 
media before cross-inoculation. It seems, therefore, that the possibility 
of accustoming or, so to say, training of organisms from one group of 
plants on to another has to be recognized ; and, further, even though 
sometimes a strain of the organism does not actually form the nodules, it 

1 Rcvis, Cecil. Centr. J. BaK , II Abt., Bd. 31 & 34 (1911 & 1913-14) ; 

Proc. Roy. Soc ., B., Vol. 85 & 86 (1912 & 1913). 

* Smith, Greig. Proc. of the Lin. Soc., N. S. Wales, Vol. 31, pp. 264-294 (1906), 

3 Laurent. Compt. Rend. Acad. 8d Ill, p. 754, & Bot. Centr., 1891. 

Maze. Ann. Inst. Past., 13, p. 145 (1899). 

Moore. U. S. Dept. Ayr. Bur. Plant Indus. Bull. 71 (1905), 

KeUeman, Centr. f. Bakt IX Abt,, 34, pp. 42-50 (1912). 
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nevertheless benefits the plants, as is shown in our experiments, by fixing 
nitrogen and stimulating their growth. We shall not be far wrong, therefore, 
if we take nitrogen fixation and stimulation thereby as the essential fund ion 
of the organism, and if we look upon all organisms as belonging tiVjne speeies 
only, the production or non-production of nodules being assumed to depend 
on other factors such as suitable reaction of the root cell-sap and presence or 
absence of substances to which the organism is accustomed before isolation. 

Turning to the question of nitrogen fixation by the organism, as already 
mentioned, a quantitative determination of the dry matter produced and 
the nitrogen contained in it was made, in both the exp riments. The results 
obtained arc given in the following tables. 



Table 



118*30 | 17*75 100*55 2*5 I 0-88 22*00 :L84 I 18*16 
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It will be seen from these tables that different amounts of nitrogen were 
taken up by the plants. It is clear that compared with the nitrogen taken 
up by plants in the control pots more nitrogen is found in plants inoculated 
with the nitrogen-fixing organisms irrespective of the presence or absence of 
nodules. The question, therefore, arises how it could have been assimilated by 
the plants. In the case of the control there is little or no increase in nitrogen 
over that already contained in the seeds and therefore nothing is to be 
accounted for. In those cases where KNO 3 was added it is easily explained. 
Similarly in the case of those plants where nodules were formed this gain 
in nitrogen can be explained as having been due to nitrogen-fixation taking 
place in the nodule and its final product which is a soluble protein being 
passed on to the plant. In the absence of nodule formation we are led to 
suppose that the benefit to the plant must have been due either to ( 1 ) the 
organism having entered inside the root tissue without nodule formation, or 
( 2 ) the nitrogen fixed in the sand becoming available to the plants. 

With reference to the first supposition it has already been found in a 
previous experiment (Joe. cit.) that examination of a number of sections of the 
root did not show any organisms inside the tissue. This time the technique 
was varied by plating portions of roots of plants without nodules after treating 
them in the same way as nodules. i.e. y by sterilizing the outside with mercuric 
chloride solution, washing them with sterile water and plating them after 
crushing on soil-extract- mannite-agar. No growth could be obtained on any 
of the plates. Simultaneously with this test same portions of roots w 7 ere 
plated without sterilizing the outside to see whether the nodule ‘■organisms 
w T ere attracted towards the roots as is generally supposed. Similarly plates 
were also made from the sand to see whether the organisms w ere still living 
in the sand at the end of the experiment. In both the latter cases growth 
of the nodule organism was obtained. As a result of all these tests it is evident 
that the organism is still living in the sand and, though it is closely associated 
with the outside of roots, it does not penetrate inside the root tissue. 

We are therefore left with the other alternative supposition, viz., that 
nitrogen might be fixed in the sand, for explanation of the results. This 
raises a number of questions ; first whether the nitrogen fixed by the organism 
in the sand is completely absorbed or some of it is left in the sand ; ( 2 ) whether 
the soluble protein which is supposed to be the final product of nitrogen fixation 
requires to be ammonified or nitrified by further bacterial action ; (3) whether 
the soluble protein, the final product of such fixation, could be absorbed as 
such by the plant ; (4) whether the process of nitrogen fixation is exactly 
the same in the sand as in the nodule 5 and finally ( 5 ) whether some 
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show ! 


Determinations of nitrogen in f| h > 


answer t lieso questions sniath/i. 
•sind of t fie res peel ive }*>(* did not 


any increase in nitrogen ; ammonia, nitrites ami ni.ra.eh t he 

ctb?; “ any t t s - rh - nii ™ — 'v « «»v , , : 

xcept m the case of the azololMeter-inneulate.1 ones. || a ,l t| i( . „ ifBWJ1 
fixation gone on vigorously hi the ,sm«l in theca,, „f ,l„. „„,lule organism it 
should have been possible to iiml a large amount of ui.rogen Mill remaining 
in the sand. No such increase is found to have taken place, which appears to 
suggest that the fixation of nitrogen l,v the organism and the assimilation by 
the plant go on approximately at the same rate, implying the neeessitv of the 
removal of the nitrogenous material by the plant before anv further nitrogen 
fixation can take place. This supposition lends support to the view about the 
function of the host plant taken liy (inkling' who has. alr eady shown large gains 
of nitrogen by the root nodule organism to have taken place I, v filtration of the 

soluble products of growth which prevent of nitrogen in 

artificial cultures. 

Although it has not been possible to find any ammonia, nil riles or nitrides 
in the sand, it. was suggested that ammoniiicalion or nitrification of (he soluble 
protein may have been brought about, by the root nodule organism or other 
organisms, implying of course infection of the sand with thelalter. It was 
therefore proposed to separately inoculate a portion of (he sand from the 
inoculated \)ots and some of the uninoculafed ones in each of the following 
culture solutions, viz., (1) peptone water in order to detect (lie presence of 
ammonifying organisms, (2) Omelianski solution sous to test, the presence 
of nitrifying organisms. It was not considered necessary to examine all ihc 
uninocubited pots. 

Even after a period of four weeks’ inoculation, nitrites or nitrates mul<| 
not be detected in Omelianski solution, showing the absence of nitrifying 
organisms or nitrification by (he nodule organisms. In peptone water no 
ammonia was found during the first hours ; after 7*J hours, however, about 
■1 milligrams nitrogen as ammonia was found in each of the peptone flasks 
from the inoculated pots. Those from uninoculafed pots did not show any 
increase. At first it was suspected that some infect ion might have taken place. 
On examining the cultures, however, then, was no put refact ive smell usually 
associated with the ummouifiers cm iimonly present in l*usa soil. Examination 
under the microscope further showed no other organism except the nodule 

1 Golding, J. Jour. Agric. Sci, VoL I, ]>p. 50-C5 (1905-00). 
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organism or the azotobacter if the culture happened to be made from the 
azotobacter-inoculated pot. As this result was unexpected pure cultures 
of the nodule organisms as w T ell as of azotobacter were inoculated in duplicate 
into peptone Hasks and incubated at 30°C. and distilled with magnesia alter 
three days and one week in order to find how much ammonia was formed by 
them. The results are tabulated below. 

Table IX. 


1 Mg in. nitrogen found as anmiuuia 


; 3 days 1 week 

Pea nodule organism 
Math nodule organism 
Gram nodule organism 
Azotobacter 


From this it is clear that the nodule organism can ammonify a fraction 
of the peptone though it cannot at all be compared with the other ammonifiers. 

It may be of interest to mention in passing that Erwin Smith 1 has been 
able to demonstrate ammonia production in a culture solution by a closely 
* related organism B. tumefaciem which causes crown gall in plants. He has 
also shown that by injecting dilute ammonia in growing plants, intumescences 
similar to crown gall are produced, and therefore considers it probable that 
ammonia liberated within the cell in small quantities by the imprisoned 
bacteria must be one of the causes of the excessive and abnormal cell proli- 
feration in crown gall. 

Since some ammonia is formed from peptone by the nodule organism it is 
possible that it may also transform some of the soluble protein produced by its 
activity. It is equally possible for the plant to assimilate a portion of the 
soluble protein as such as it has been demonstrated by Hutchinson and 
Miller 2 that plants can absorb some complex soluble organic nitrogenous 
substances. It is, however, immaterial whether the plant assimilates the 

1 Smith, Erwin F. “Mechanism of Tumour -'growth in Crown Gall.” Jo-urn. o Ayr. 
Research, Washington , Vol. VIII, No. 5, pp. 165-185. 

2 Hutchinson & Miller. Centr. /. BakQJA Abt.. 30, p. 5 (1901). 
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soluble protein or an ammonium compound so long as the nitrogen fixed by 
the organism in the sand is available to the plant in some form. 

The question whether the process of nitrogen fixation is the same in the 
sand as in the nodule is diflieult ol solution as nothing is known with eeriaintv 
as to how the nitrogen fixation takes plaee in the nodule itself beyond Un- 
well-known fact that the nodule becomes richer in nitrogen than the rest ol 
the root. 

We determined the percentage of nitrogen in tin* nodules and the part 
of the roots without nodules at different stages, and welind that the percentage 
of nitrogen in fJte nodules of sann-liemp (('ntfuinnu janmi) continually 
decreases from the first week onwards. 


Taulk X. 


j ' I • 2n<t :?nl till AMi utli 

Nitrogen in nodules, per rent. .. • 1<I\SI • !N0 .r:{| lend 

Nitrogen in rest- of mot. per Till. .. 1 '!*•> ; 1 **>■*» t*t» I If t'l! ' r 

Similar analytical results with yellow lupines were obtained by Siohlasa . 1 
The present writer hopes to follow up these interesting results in the fuse <>l 
other plants. 

Although the chemistry of the process is not known with certainty we 
propose to pass m rapid review some views already expressed as to how ml rogen 
fixation may be taking place. 

These views do not refer to anv particular nitrogen fixing organism but 
are applicable to the general process of nitrogen fixation whether by awito- 
bacter, Clostridium or the nodule organism. The views may be classified 
according to the chemical reactions on which they are. based. 

Thus Gautier and Drouin 2 assume oxidation of free nitrogen by tin- 
microbes to nitrous and nitric acid which would be subsequently reduced 
to ammonium compound and further changed to oilier nitrogenous substances. 
In support of this it may be mentioned that nitrates are sometimes found in the 
nodules of the leguminosa?. Gerluch and YogeP hold that the free nitrogen 
combines directly with carbon compounds and cites the absorption of free 
nitrogen by carbide as an analogous process, lleimse 4 supports this view by 


i Stoklaaa. Landw. Jahrb., 24, p. 827 (l89o). 

3 Gautier & Drouin. Compt. tend. Acad, XcL, 100 (I**), » 1 * ( »■ 

..... ir n j.jj #17 &, ##|. 


3 Gerlach & Vogel 


CeMr.f. Bakt., II Abt, % 

Jahrb. . A5 
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mentioning his detection of hydrocarbons of the acetylene series in crude 
nitrogen- fixing cultures and makes out an equation resulting in the formation 
of hydrocyanic acid by the combination of acetylene and free nitrogen, but as 
this compound would be fatal to the cells it cannot be assumed to exist longer 
than a moment but is supposed to undergo immediate transformation into 
ammonium formate. Winogradski 1 and Stoklasa 2 assume direct synthe- 
sis of free nitrogen and nascent hydrogen into ammonia, which would in 
its turn be at once utilized in the process of protein orasparagin formation. 
Asparagin may perhaps be found in the nodules sometimes but the develop- 
ment of nascent hydrogen by the nodule organism with which we are chiefly 
concerned is not demonstrated. 

It may perhaps be of interest to mention that attempts based on the 
chemical reactions involved in the views expressed above have already proved 
successful in securing free atmospheric nitrogen on a large scale independent 
of bacterial activity by utilizing electrical power as a source of energy. Each 
of the views of ’the biological process, therefore, has its counterpart in an 
industrial process. The three processes which have thus proved capable of 
practical application under certain limitations are (1) the arc process, (2) the 
cyanamide process, (3) the Haber process. . 

The arc process produces nitric acid by means of the combustion of nitrogen 
and oxygen in electric arc. 

The cyanamide process depends upon the combustion of nitrogen with 
calcium carbide. 

The Haber process involves the direct synthesis of nitrogen arid hydrogen. 
Recently George Claude has improved the Haber process of producing ammonia 
synthetically by the application of high pressure. 

There is yet another view held by Oscar Loew and Aso. 3 It can be 
represented by the following equation : — 

N 2 + 2 II 2 0 = NO 2 NH 4 

The ammonium nitrite so found is supposed to be rapidly reduced to 
ammonia. In support of this view the authors point out the fact that they 
found nitrites occurring in nodules although they were not able to detect any 
ammonia in them. Since then, however, Hutchinson and Miller 4 have shown 
the presence of ammonia in the nodules. The view taken by Loew and Aso. 5 

1 Winogradski. Compl. Mend., Paris , 116 (1893), 118 (1.894); Archives des Sci . Biol.. 
Ht. Petersberg, 1895, iii, 297-352. 

2 Stoklasa. Ceulr . /. Baku, II Abt, 21, 484-509 & 620-632 (1908). 

3 Loew & Aso. Bull. Col of Agr., Vol. VII, pp. 567-574, 190G-1908. 

4 Hutchinson & Miller. Centr. /. Baku, II Abt., 30, p. 514 (1911). 

5 Loe w & Aso. Loc. cit . 
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is further supported by the fart that Locw' uasahloto il„- nmmv.uv 
of the reaction at ordinary temperatures by the action of platinum black upon 
nitrogen in the presence of alkali. Russell ami Smith* eonhl not conlirm 
this result as they did not liml aiiv.-airli nitrite-formation in theifesperiments. 
Loew 3 4 thinks Russell's failure to get the nitrites formed to be due lo badly 
prepared platinum black. 

One point of agreement among all these founlivergcnt view* about nitrogen 
fixation is, as already observed by Luew and Aw« the fornuitiim of ammonia 
before the commencement- of protein synthesis. 

The chemical compounds actually found in (In' nodules arc presumed 
to be a strong argument for any particular theory : hut the compounds found 
by different investigators have hoen detected m nodules of plants grown in 
soil. It does not necessarily follow therefore that the presence of a particular 
compound in the nodules means the manufacture of the compounds in the 
nodule by bacterial activity, as the possibility of absorption of these compounds 
from the soil instead of their being the product of bacteria! activity is not 
altogether excluded. This can be proved only if the nodules under examination 
are got from plants grown in sterile sand freed from anv of the compounds 
under controlled conditions as in our experiments. As the plants in our 
experiments wore required for determining tin 1 * nitrogen content we were 
not able to carry out the examination of the. nodule contents but we hope 
to do this as soon as a large number of plants grown under these .conditions 
become available. 

As already mentioned in the course of previous work just described, tin- 
root nodule organism was isolated direct horn the inoculated sand on soil- 
extraet-mannite-agar. It was, therefore. thought that them should be. no 
difficulty in isolating it direct from soil. It may la: pointed out that the 
life-cycle of the organism from the soil through tin* nodule and back to the. 
soil is shrouded in mystery and few attempts to isolate the organism (nun soil 
are recorded. While their presence in soil cannot be doubted, their isolation 
direct from the soil is generally not supposed to have been accompli*) ted, as 
may be seen from the following remarks made by Hussell 5 : " None of these 
organisms, however, could be found in the soil, nor indeed has any one yet 
succeeded in finding them there although their existence cannot be doubted/’ 


1 boew. &r. Dadich. Chan. 6V*, 2\ p- *4/ (tS'.iO). 

•i Russel & Smitn. Jour. Ayr. Sc taut, J, |»p. (]•*>->)■ 

3 Luew, Jour. Ayr. Science, 111, p. 320 (l'JUS-10). 

4 Locw & Atiu. Loc. cit. 

5 Hugsell. Soil conditions and plant growth, 5, 3rd od., 12S (1017). 
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Believing this statement of Russell’s to be correct, Lipman and Fowler 1 
communicated an article to “ Science ” claiming to be the first to have isolated 
the root nodule organism from soil by proving that the organism so isolated 
was capable ‘of forming nodules on a number of legumes though not in all. 
They pointed out that prior to them probably only Gage 2 had mentioned 
direct isolation from soil. On looking over Gage’s paper, however, it is not 
clear whether he attempted anything like direct plating from the soil emulsion 
or whether he enriched his culture by repeated inoculations in a liquid medium. 
The report of his work already indefinite on account of the incompatible results 
obtained is rendered more confusing on account of the unusual selection of 
descriptive terms. Kellerman and Leonard 3 observe with reference to Gage’s 
work that “ even if his conclusions are absolutely correct no real advance has 
been made in our knowledge of the life-history of B. mdicicolaB 

Previous to Lipman and Fowler's 4 paper, however, a synthetic medium 
for growing nodule organism was developed by Greig Smith 6 who stated 
that it was specific, that it was possible by its use to easily count the number 
of nodule organisms per gram of soil by mere plating. The medium consisted 
of lcvulose, asparagin and citrates of sodium and potassium (for actual amounts 
of different components, see later) and was tested in this laboratory soon 
after the appearance of Greig Smith’s paper. It was found then that 
although the medium could not be said to be specific, yet large numbers of 
colonies of the nodule-forming organism were found growing on it in the plates 

Lipman and Fowler , 6 however, put aside Greig Smith’s claim to having 
discovered a specific medium for B . radicieola chiefly relying oh Kellerman 
and Leonard’s work. The last named investigators could not find experimental 
evidence to confirm Greig Smith’s results and were themselves unable to isolate 
the organism from soil on other media except in one case where a pure culture 
had been previously introduced into the soil. 

Lohnis has, however, already pointed out that Beijcrinck and Nobbe 
and his associates had isolated the organism from the soil and there is no 
more any question of priority about the work of Lipman and Fowler' who have 
accepted Lohnis’ statement so far as the work of Nobbe and his associates is 
concerned. 

1 Lipman & Fowler. Science, n. s., 41, pp. 2o0— 2oD (1915). 

* Gage. Cenir. f. Baht., II Abt., 27, pp. 7-48 (1910). 

3 Kellerman & Leonard. Science , n. s., 38, p. 95 (1913). 

1 Lipman &. Fowler. Loc. cit. 

5 Greig Smith. Centr. /. Baht., II Abt., 34, pp. 227-229 (1912). 

6 Lipman & Fowler. Science, n. s., 41, p. 725. 

7 Lipman & Fowler. Loc . cit , 
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’Leaving aside the question of priority therefore, we would like to take 
this opportunity of pointing out that the chief reason whvtlie legume nodule 
organism is not recognized to have been isolated from the soil is that the ques- 
tion has not been thoroughly examined ; statements to the elTecuImt nodule 
organism does not generally grow in ordinary nut rient media are unquest jnuuhlv 
accepted as correct ; and therefore an organism, which there might he 
some reason for believing to be the nodule organism, is rather assumed to he 
different from it because there is little inclination to question a staicmcnt 
so authoritatively made. This happens, the more so. because of another 
statement being accepted as correct, v/:., that the organism lixes considerable 
quantities of nitrogen in culture flasks. Thus when anv organism eloselv 
resembling the nodule organism in other respects is found not to lix nitrogen 
in large quantities in the laboratory the natural tendency is to take it as 
different from the latter. 

Thus a question arose in this laboratory whether a certain organism 
was a nodule organism or not. The organism in question was isolated from 
Pusa soil on Lipman & Brown's synthetic agar. Instead of actually putting 
it down as a legume nodule organism it was subsequently described as similar 
to the nodule organism as follows 1 ; ••‘‘Short rods forming while, slimy, 
tenacious colonies, and similar in morphological characters to root nodule 
organisms of Dolichos IMib , subsequently gave similar cultural characters 
on ash maltose agar/’ The chief reason for doing .so was that the organism 
under examination fixed only a small quantity of nil logon, about I to 2 mgm 
per 100 e.c/of the culture in the laboratory, and inoculation tests were not 
considered necessary when nitrogen fixation was so small. When, however, 
the nitrogen fixation effected by several strains of the legume nodule organism 
was found to be not more than 2 mgm.. re-examination hv inoculation tests 
of the question whether the organism thus isolated on Lipman and Brown's 2 
synthetic agar is the legume nodule organism suggested itself ; and it was 
proposed to isolate from Pusa soil the organism previously describe,!. Side 
by side with this experiment it was proposed to compare other media used and 
recommended by Greig Smith* and Lipman and Kowler 4 for isolating U„. 
root nodule organism from the soil. Soil-extract-mannite agar, the medium 
Uvscd to isolate organisms from nodules in our work, was also included for 
comparison. 

i Hutchinson. Mem. Dept. Ayr. India , Bad. Her., I, 

a Lipman & Brown. Centr. /. Bukl., 11 Abt., 25, |>. 447. 

3 Greig Smith. Lov. c it. 

4 Lipman & .Fowler. ciL 
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It may perhaps be an advantage if the composition of the different media 
is set down for easy reference. 


Synthetic agar 

Levulose agar 

Maltose agar 

Soil-extract-mannite- 

agar 

10*0 Dextrose 

20*0 Levulose 

10*0 Maltose 

20*0 Mannite 

0-5 K s HP0 4 

0*0 Asparagin 

1000*0 Soil extract 

()*“> K 2 1IP0 4 

0*2 MgS0 4 

1 *0 Sodium 

citrate 1 

20*0 Agar 

1000*0 Soil extract 

0*05 KN0 3 

1*0 Potassium 
citrate 


20*0 Agar 

20*0 Agar 

20*0 Agar 



1000*0 Distilled water 

1000*0 Distilled 
water 




Pusa soil (dilution 1 : 10,000) was plated on all these four media. Such 
colonies as have the characteristic appearance of the nodule organism, were 
selected and examined under the microscope. The organisms had the same 
morphological characters as noticed in the case of the nodule organisms. Pure 
cultures were made from two colonies from each plate. These cultures were 
inoculated on the following plants : Sann-hemp (Crotakiria juncea ), Arhar 
(C a jams indicus), Cow-pea (Vigna caijang) and Math (Phaseolus aconitijolius). 

The plants were grown in pots in sterile sand as in previous experiments 
and all of them showed nodule formation when they were uprooted at the 
end of the experiment. This shows that the root nodule organisms can be 
isolated direct from the soil on these media. It may be mentioned that 
other kinds of colonies also grew on all the plates and none of the media tried 
can be called absolutely specific, but in order to test which of these gives the 
highest number or a proportionately higher number of nodule organisms of 
the total number, the following experiment was devised. 

Three flower pots were filled with Pusa soil. Two legumes, sann-hemp 
and Math, were grown in one. Two cereals, oats and maize, were grown in 
another. The third pot was left as control. When the crops were about 
two weeks old, samples of these soils were taken for plating. The same four 
media as in the previous experiment were used. The total number of colonies 
and of all organism colonies of the nodule organism in each plate were 
counted at the end of 3 and 7 days’ incubation at 30°C. and 20° C. The 
results are given in the following table. 


Sqil-extjract-mann ite- Lipman's soil-extkact- Lifman & Browns Gkeig Smith’s levu 

AGAR MALTOSE- AOAli SYNTHETIC AGAR I LOSE AGAR 


-V. v, josm 
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From the above it will be seen that the number of colonies of the nodule 
organisms is higher in soil-extract-mannite-agar and the ratio of these 
colonies to others is also higher in the same medium. The minimum number 
of colonies per gram of dry soil is 100,000 and the' maximum number is 
15,000,000. 

It may be mentioned that azotobaeter and yeast colonies were growing 
on some of these plates which very much resembled the nodule organism 
colonies. These are excluded in our countings by examining the morphological 
characters of the organism in the colonies under the microscope. Further 
trials with these media were made in order to see whether any of them is best 
for isolating organisms from root nodules without sterilizing the nodules 
in the outside. Nodules of Val (Dolickos lablab). Indigo (Indigojera arrecta) 
and Cow -pea ( Viyna catjang) were taken in separate dishes and crushed and a 
loopful of the emulsion thus made was separately inoculated in these media. 
Duplicate plates were pq&ired from each of the dishes. The plates were in- 
cubated at 30°C. and 20°C. The examination of the plates showed that all 
the plates grew the nodule organism colonies, the highest number being in the 
soil-extract-mannite-agar and the lowest in the levulose agar of Greig Smith ; 
but while all the other plates showed contamination the levulose agar was 
particularly free from any extraneous organisms. It may be mentioned here 
that in one plate of levulose agar there was no growth at all, while the duplicate 
showed a fair number of colonies. We think this was due to the greater 
amount of alkali added by mistake to the plate in which no growth appeared ' 
at the time of plating. In our opinion this probably indicates that the 
specific action of the medium is due rather to the alkalinity of the medium 
than to the kind of sugar employed ; and that this is brought about by 
inhibiting the growth of the organisms sensitive* to the higher degree of 
alkalinity attained by adding to the medium, at the time of plating, a few 
drops of the alkali the addition of which does not seem to affect the nodule 
organisms up to a certain point beyond which the growth of the nodule 
organism is also inhibited as noticed above in one ot the plates. The 
point will be further tested with a view to find out whether the soil- 
extract- mannit e-agar, which gives vigorous growth of the organism, can not 
be made specific for the nodule organism by suitable modifications, such as 
the addition of asparagin and a few drops of sodium carbonate solution to 
alter its reaction. 

Pure cultures of nodule organisms from six plates were next inoculated 
on slants of these four media to see their effect on the growth of the organism. 
Judging by the amount of growth, soil-extract-mannite-agar was the best ; 
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next to it comes soil-extract-maltose. agar then synthetic agar (dextrose) 
while le vulose agar was the last. 

As these media diiler in the kinds and amounts of sugars added it was 
proposed to see the Itfeet of these sugars when I per eeni. of each is added 
to Pusa soil extract with potassium phosphate. Several strains of nodule 
organisms were inoculated on agars prepared in this way. 

The results of growth are given in the following table. 

4H — b = shows the most vigorous growth. 

4*-j- = shows moderate growth. 

-f = shows poor growth. 


Tabus XII. 


Sucrose agar 

Pea | 

-f 

Yal 

+ T + 

Math 

Indigo Simu-lii‘ni|i j < <>w- |><*a 

t- : r , i l i i r 

Glucose agar 

. . 1- 

4" 4" 

■1- i- r 

!-•: i- i U j i 1 i 

Lactose agar 


J- -f 


-r (•{lit 

Levulose agar 

+ + 

-M + 

t' r 

•i-l M 1 M 

Maltose agar 


f- + 4- 

-j- I- 

....... j , i i «• 

Mannite agar 

■* • | ' f + 

; 4-4-4* 

4-4- r 

•r-M- 4 H- Ilf 


From inis it is evident that with niamiite, glucose, maltose and sucrose 
the organisms give fairly equal amount of growth ; with lactose all organisms 
give comparatively poor growth. How far any of these sugars are useful 
in fivinw nitrogen, however, remains to he seen, as it is |»>ssihle. that the greater 
amount of vegetative growth need not necessarily mean pro, >ort innately 
tamer amount of nitrogen fixed. In other words, the function oi nitrogen 
Hvation mav be imagined to bo independent of the vegetative growth oi the 


culture. 


Summary. 

1 The cross-inoculation results of the experiments reported here tend to 
indicate that there is only one single species of the legume nodule organism, 
if we take nitrogen fixation and stimulation 'hereby as the essential function 
of the organism. If, however, nodule formation is taken as the sole physiolo- 
gical test for distinguishing the species, then naturally the above tone us . 
will have to be modified. 
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2. Where the inoculations of the organism did not lead to nodule forma- 
tion, the plants were found to derive some benefit by the nitrogen fixed by the 
organism. No doubt the plants with nodules have the further advantage of 
quickly assimilating products of metabolism of organ'sms growing in the 
nodules. 

3. The root nodule organism is found to exert a beneficial influence 
on graminaceous plants also. 

4. If the organism is growing in a porous cylinder in the centre of the 
glazed earthenware pot, the soluble products passing through the porous walls 
of the cylinder arc found to benefit the plants growing outside the porous pot. 

5 The c hicf function of the root nodule organism appears to be nitrogen 
fixation whether within the nodules or outside. 

6 . Inoculation of azotobacter gives results similar to those obtained in 
the .case of the nodule organism when it does not form nodules. 

7. The fact that there is no residual nitrogen in the case of the nodule 
organism as contrasted with azotobacter suggests that the fixation of the 
nitrogen by the organism and assimilation of the same by the plant with and 
without nodule formation go on approximately at the same rate; which 
implies the necessity of the removal of the products of metabolism by the 
plant before further nitrogen fixation by the organism can take place. Further 
experiments are necessary to furnish final evidence on this point. 

8 The root nodule organism can be isolated on some media direct from 
the soil. Soil-extract-i nannite-agar has proved so far the best. A modification 
of the medium so as to make it. more suitable for the growth of the toot nodule 
organism is suggested for further trial. 
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